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Robotic System for Remote Operation of Equipment in
Infectious Environments

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present patent application claims priority benefit to U.S. Provisional Patent
Application No. 63/059,836, filed on July 31, 2020, the entire content of which is incorporated
herein by reference. All references cited anywhere in this specification, including the Background
and Detailed Description sections, are incorporated by reference as if each had been individually

incorporated.
BACKGROUND

1. Technical Field

[0002] The presently claimed embodiments of the current invention relate to robotic systems,

and more particularly to robotic systems for remote operation of human-controllable equipment.

2. Discussion of Related Art

[0003] The recent coronavirus pandemic has placed a severe burden on our entire health care
system. In particular, there has been a major surge in the need for patient support in intensive care
units, where patients are often placed on ventilators, infusion pumps, and other support equipment.
Since an ICU with an infected patient is itself an infectious environment, clinical care personnel
must don personal protective equipment (PPE) each time they enter the room, even to make minor
adjustments to equipment, and must take it off and either discard or decontaminate it when they
leave. Not only does this greatly increase the need for PPE, which may be in short supply, it also
takes considerable time, thus negatively affecting the efficiency of already over-burdened

personnel.

[0004] Ideally, all ICU equipment might be interfaced to computer networks and operated
remotely from a central control station, so that ICU personnel would only need to enter the room

for tasks that require direct patient contact. Unfortunately, the vast majority of current ICU
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equipment does not have this capability. Even if such equipment were available on the
marketplace, together with the necessary support infrastructure, it would be many years before it
would be universally deployed. Consequently, there is a significant need for simple systems that
can operate existing legacy equipment remotely. Further, it is highly desirable that the method of
remote operation be intuitively simple and familiar to personnel who are familiar with operating
the equipment using its standard interfaces, which typically consist of push buttons, touch screens,
and knobs that can be turned, together with displays showing the current state and settings of the

equipment.

[0005] Further, it is readily apparent that the need for such remote operation capabilities is not
limited to one single disease outbreak, such as covid-19. It is a general need that is associated
with any cases where clinical care personnel must enter an infectious environment to make routine

adjustments to equipment.

SUMMARY

[0006] A robotic system for remote operation of human-controllable equipment according to
some embodiments of the current invention includes a remotely operable robotic subsystem
configured to be at least one of mounted on or arranged adjacent to the human-controllable
equipment to be controlled, and a remote controller that is configured to be operated by a human.
The remote controller emulates a control representation of the human-controllable equipment such
that a human can provide commands using the control representation. The remotely operable
robotic subsystem is configured to receive commands from the remote controller to thereby

operate the human-controllable equipment.

[0007] A method for remote operation of human-controllable equipment according to some
embodiments of the current invention includes at least one of mounting a remotely operable
robotic subsystem on the human-controllable equipment or arranging the remotely operable
robotic subsystem adjacent to the human-controllable equipment, and providing a remote
controller that is configured to be operated by a human. The remote controller emulates a control
representation of the human-controllable equipment such that a human can provide commands

using the control representation, and the remotely operable robotic subsystem is configured to



WO 2022/026953 PCT/US2021/044196

receive commands from the remote controller to thereby operate the human-controllable

equipment.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Embodiments of the present invention, as well as the methods of operation and
functions of the related elements of structure and the combination of parts and economies of
manufacture, will become more apparent upon consideration of the following description and the
appended claims with reference to the accompanying drawings, all of which form a part of this
specification, wherein like reference numerals designate corresponding parts in the various
figures. It is to be expressly understood, however, that the drawings are for the purpose of

illustration and description only and are not intended as a definition of the limits of the invention.

[0009] FIG. 1is a schematic illustration of a robotic system for remote operation of human-

controllable equipment according to an embodiment of the current invention.

[0010] FIG. 2 is aschematic illustration of a particular example of a robotic system for remote

operation of human-controllable equipment according to an embodiment of the current invention.

[0011] FIG. 3 shows an embodiment with cartesian robot and ventilator with a touch-screen

operator interface.
[0012] FIG. 4 is a software block diagram for the embodiment shown in FIG. 3.

[0013] FIG. 5 shows logic for touch-based robot control according to an embodiment of the

current invention.

[0014] FIG. 6 shows an example of live image processing and display according to an
embodiment of the current invention. (Left) Flow chart; (right) oblique view as seen by camera

and dewarped image showing front-on view.

DETAILED DESCRIPTION

[0015] Some embodiments of the current invention are discussed in detail below. In
describing embodiments, specific terminology is employed for the sake of clarity. However, the

invention is not intended to be limited to the specific terminology so selected. A person skilled
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in the relevant art will recognize that other equivalent components can be employed, and other
methods developed, without departing from the broad concepts of the present invention. All
references cited anywhere in this specification are incorporated by reference as if each had been

individually incorporated.

[0016] FIG. 1 is a schematic illustration of a robotic system for remote operation of human-
controllable equipment according to an embodiment of the current invention. The system
comprises two components: (1) a remotely operated robotic subsystem mounted on or adjacent
to the equipment to be controlled (righthand side of FIG. 1), and (2) a remote controller that is
operated by a human (righthand side of FIG. 1). For example, the equipment to be controlled
can be a medical device such as, but not limited to, a ventilator or an infusion pump. The
equipment to be controlled is also referred to herein as human-operable equipment. The two
modules communicate with each other (for example wirelessly) using a safe and secure method,
which enables the operator to control the device using the remote controller from a distance,

even if the two modules are separated by a physical barrier, such as a wall or window.

[0017] FIG. 2 is a schematic illustration of a robotic system 100 for remote operation of
human-controllable equipment 102 according to an embodiment of the current invention. The
robotic system 100 includes a remotely operable robotic subsystem 104 configured to be at least
one of mounted on or arranged adjacent to the human-controllable equipment 102 to be
controlled. The robotic system 100 also includes a remote controller 106 that is configured to be
operated by a human. The remote controller 106 emulates a control representation of the
human-controllable equipment 102 such that a human can provide commands using the control
representation. The remotely operable robotic subsystem 104 is configured to receive
commands 108 from said remote controller 106 to thereby operate the human-controllable

equipment 102.

[0018] The remote robotic subsystem 104 can be equipped with a camera 110 that is aimed
at the control panel 112 of the device 102 and sends the live video of the control panel 112 to the
remote controller 106. When the remote controller 106 receives these video frames, it first
transforms them in a way that the device’s control panel 112 appears from a front-view
perspective (de-warped) then displays these front-view images on its screen 114 for the operator.

Alternatively, or additionally, if the equipment to be controlled provides a VGA, HDMI, or
4



WO 2022/026953 PCT/US2021/044196

other cable supporting an external display, then this cable may also be provided to the robotic

subsystem controller 115 for transmission to the remote controller 106.

[0019] The robotic subsystem controller software can include computer vision methods to
automatically localize the control panel 112 of the device and to detect the location of the
robot’s 116 end-effector 118 in the video frames taken with the camera 110. In some
embodiments, an LED or other marker may be placed on the end effector 118 or other part of the
robot’s structure 116 to facilitate detection and tracking of the end effector 118. These
algorithms enable the system to map pixel coordinates on the de-warped front-view images to

robot joint positions (robot-to-screen calibration).

[0020] The robot’s end effector 118 has appropriate mechanisms to perform a control action
on the equipment to be controlled, similar to what a human interacting directly with the
equipment would do. In the simplest case, this would be a simple mechanism to press a button
or touch a point on a touch screen display. In other cases, this might include a mechanism to
grasp and rotate a knob or to execute a two degree-of-freedom action combining turning a knob
and depressing it to perform a “select” action. In other embodiments, the knob
turning/depressing motion could be implemented by a separate small robotic device that could
be mounted on the equipment to be controlled 102 and actuated under control of the robot

subsystem controller 115.

[0021] The system provides methods to measure the offset between the detected end-effector
position on the video frames and the position where the robot’s pointer touches the control
panel. This offset calibration process is done offline using a calibration device and results in an

offset map for the entire control panel.

[0022] The system can be capable of measuring mechanical robot positioning inaccuracies
by using the computer vision-based end-effector localization method and correct these errors

using a visual servoing algorithm.

[0023] The screen localization, robot-to-screen calibration, offset calibration, and visual
servoing methods enable the remote controller to robustly determine commands (e.g., robot joint

position commands) that can be sent to the robotic subsystem to cause the robot to move the end
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effector 118 to any desired position on the control panel 112 of the equipment to be controlled

102.

[0024] To interact with the equipment to be controlled 102, the operator selects a position on
the equipment’s control panel 112 by selecting the corresponding position on the live image
display on the remote interface 114. This is also referred to as an emulation of a control
representation of the human-controllable equipment 102. The remote controller 106 then
computes and transmits the appropriate motions to move the robot subsystem’s end effector 118
to the desired position relative to the equipment’s control panel 112. The operator can actuate
the selected control, such as a button or a knob on the device using a graphical user interface or

other input device on the remote controller 106.

[0025]  Although secure wireless communication can be a good method for communication
between the robot subsystem 104 and the remote controller 106 in some embodiments, any
suitable method may be substituted provided that it has sufficient bandwidth. In some
embodiments, for example, it may be suitable to use a dedicated wired connection or a wired

local internet connection.

[0026]  If the robotic device is to be mounted to equipment in a contaminated environment, it
may be useful to provide methods that facilitate disinfection of the equipment and the robot
when it is removed from one setting for storage or transfer to another piece of equipment. For
example, simple disposable barriers may be placed between the clamping devices used to attach
the robot to the equipment and the equipment itself. Similarly, the end-effector or other parts of
the robot may be designed with removable components to facilitate disinfection, or these

components may be produced as single-use, disposable components.

[0027] An embodiment of this architecture is shown in FIG. 3, and a block diagram of the
system control architecture is shown in FIG. 4 and the logic for touch-based robot control is
shown in FIG. 5. In this system, the robot is a simple 3 degree-of-freedom robot that resembles
a plotter. This robot is mounted onto the touch screen display/control panel of a typical
ventilator (here a Maquet Servo-U unit). The end-effector is a simple pen-like device with a tip
whose contact with the Servo-U touch screen can be detected by the Servo-U unit. The “XY”

portion of the robot positions the end-effector on the desired position relative to the touch screen

6
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display. The “Z” motion of the robot is provided by a simple actuator that moves the touch pen
along its axis to touch or move back from the Servo-U touch screen. An LED is mounted on the
end-effector of the robot to facilitate visual tracking by a video camera positioned to the side of

the Servo-U control panel.

[0028] In this embodiment, the design has a two-axis gantry and a mechanized end-effector
finger, with the ends of the horizontal axis being used to easily secure the robot to the desired
screen using a clamp with a screw fixation. The vertical axis assembly is cantilevered on the
horizontal axis and translates with it. A roller at the bottom of vertical axis engages the screen
bezel and prevents unexpected touch interactions. The primary axes are driven by a pair of 45SNcm
NEMA 17 stepper motors via timing belts, while the end effector finger is driven by a compact
servo. Control for the motors and servo is supplied by an Atmega328 microcontroller alongside

A4988 stepper drivers.

[0029] The robot subsystem controller comprises two microcontrollers, as shown in FIG. 4.
An Arduino microcontroller controls the robotic joints (XY robot and touch pen actuator) and
the LED. A Raspberry Pi microcontroller running the Robot Operating System (ROS) [1, 2] is
interfaced to the video camera and to the Arduino controller. It manages the wireless

communication and command protocols with the remote controller.

[0030] The remote controller is currently implemented on a laptop computer with a touch

screen display that can also be folded to provide a “tablet”-like user interface. This computer

performs image dewarping to transform the oblique view produced by the video camera into a
front-view live image on the remote controller display. In this embodiment, the user uses the

touch screen display to select the desired position of the robot. After the robot moves the XY

portion of the robot to the desired position, the user presses a separate “push” button on to the
left of the live image display to tell the robot to actuate the pen-like end effector to touch the

Servo-U’s touch screen.

[0031] FIG. 6 shows the logic for live image processing and display, together with images
illustrating the oblique view as seen by the camera and a dewarped image showing the
corresponding “front-on” view. Dewarping is enabled by a screen registration method shown in

FIG. 6 that detects the location of the ventilator’s screen on the camera view and calculates the
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transformation that maps camera images to front-view (dewarped) images. The screen
registration method is configurable to recognize multiple ventilator screen configurations by

providing template images of typical screens of the device that is to be remotely operated.
[0032] References

[1] M. Quigley, K. Conley, B. Gerkey, |]. Faust, T. B. Foote, |. Leibs, R. Wheeler, and A. Y. Ng,
"ROS: an open-source Robot Operating System", in ICRA Workshop on Open Source
Software, May 12, 2009. p. 5.

[2] ——, "The Robot Operating System (ROS)," hitps:/Swww.ros.orgd, 2020.

[0033] While various embodiments of the present invention have been described above, it
should be understood that they have been presented by way of example only, and not limitation.
Thus, the breadth and scope of the present invention should not be limited by any of the above-
described illustrative embodiments, but should instead be defined only in accordance with the

following claims and their equivalents.

[0034] The embodiments illustrated and discussed in this specification are intended only to
teach those skilled in the art how to make and use the invention. In describing embodiments of
the disclosure, specific terminology is employed for the sake of clarity. However, the disclosure
is not intended to be limited to the specific terminology so selected. The above-described
embodiments of the disclosure may be modified or varied, without departing from the invention,
as appreciated by those skilled in the art in light of the above teachings. It is therefore to be
understood that, within the scope of the claims and their equivalents, the invention may be
practiced otherwise than as specifically described. For example, it is to be understood that the
present disclosure contemplates that, to the extent possible, one or more features of any

embodiment can be combined with one or more features of any other embodiment.



WO 2022/026953 PCT/US2021/044196

WE CLAIM:

1. A robotic system for remote operation of human-controllable equipment, comprising:

a remotely operable robotic subsystem configured to be at least one of mounted on or

arranged adjacent to said human-controllable equipment to be controlled; and
aremote controller that is configured to be operated by a human,

wherein said remote controller emulates a control representation of said human-
controllable equipment such that a human can provide commands using said control

representation, and

wherein said remotely operable robotic subsystem is configured to receive commands

from said remote controller to thereby operate said human-controllable equipment.
2. The robotic system according to claim 1, further comprising:

an imaging system configured to be at least one of mounted on or arranged adjacent to
said human-controllable equipment to be able to obtain images of controls of said human-

controllable equipment; and

an image processing system configured to communicate with both said imaging system
and said remote controller to receive said images and provide information to said remote

controller for said emulation of said control representation.

3. The robotic system according to claim 2, wherein said imaging system comprises a

camera, and

wherein said image processing system is configured to at least one of undistort or dewarp

images from said camera.

4. The robotic system according to claim 2 or 3, wherein at least one of said human-
controllable equipment, said remotely operable robotic subsystem, or said imaging system is

configured to communicate with said remote controller by a wireless connection.
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5. The robotic system according to any one of claims 2-4, wherein at least one of said
human-controllable equipment, said remotely operable robotic subsystem, or said imaging

system is configured to communicate with said remote controller by a wired connection.

6. The robotic system according to any one of claims 1-5, wherein said human-controllable
equipment comprises a local touch-screen display that is operable for human control of said

human-controllable equipment,
wherein said remote controller comprises a remote touch-screen display,

wherein said image processing system provides information to said remote controller

such that said remote touch-screen display corresponds to said local touch-screen display, and

wherein said remotely operable robotic subsystem comprises an end-effector for
operating said local touch-screen display in response to corresponding actions by a human on

said remote touch-screen display.

7. The robotic system according to claim 6, wherein said remotely operable robotic
subsystem is configured to attach to said local touch-screen display, said remotely operable
robotic subsystem comprising a positioning assembly that can position said end effector
proximate a selected position on said local touch-screen display such that actuation of said end

effector performs touch operation to said local touch-screen display.

8. The robotic system according to any one of claims 1-5, wherein said human-controllable
equipment comprises at least one of a local touch-screen display, a local button, or a local knob

that is operable for human control of said human-controllable equipment,
wherein said remote controller comprises a remote touch-screen display,

wherein said image processing system provides information to said remote controller
such that said at least one of a local touch-screen display, a local button, or a local knob

corresponds to said local touch-screen display, and

10
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wherein said remotely operable robotic subsystem comprises an end-effector for
operating said at least one of a local touch-screen display, a local button, or a local knob in

response to corresponding actions by a human on said remote touch-screen display.

9. The robotic system according to any one of claims 1-8, wherein said human-controllable

equipment is human-controllable equipment used in an intensive care medical environment.

10. The robotic system according to claim 9, wherein said remotely operable robotic
subsystem is to be at least one of sterilized or reconfigured with new parts after removal of

disposable parts.

11. The robotic system according to any one of claims 1-10, wherein said human-

controllable equipment is a respirator.

12. The robotic system according to any one of claims 1-10, wherein said human-

controllable equipment is a ventilator.

13. The robotic system according to any one of claims 1-10, wherein said human-

controllable equipment is an infusion pump.
14. A method for remote operation of human-controllable equipment, comprising:

at least one of mounting a remotely operable robotic subsystem on said human-
controllable equipment or arranging said remotely operable robotic subsystem adjacent to said

human-controllable equipment; and
providing a remote controller that is configured to be operated by a human,

wherein said remote controller emulates a control representation of said human-
controllable equipment such that a human can provide commands using said control

representation, and

wherein said remotely operable robotic subsystem is configured to receive commands

from said remote controller to thereby operate said human-controllable equipment.

11
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